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Abstract 
A novel vector-moving ant colony optimization (VMACO) is proposed to identify two load parameters: inertia 
and load torque simultaneously, which affect the performance of velocity control for AC asynchronous motor. Ant 
moving is decomposed into X and Y directions, X for inertia, Y for load torque. Every point consists of possible 
estimations. Based on minimum variance principle, the pheromone model is established, characterized by that the 
closer the distance between the ant position and the virtual position determined by the actual values of inertia and 
load torque is, the more pheromone can be obtained. The position where ant colony gathers contains the optimal 
estimated results. Simulations and experimental results verify the algorithm. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
PI control is widely used in AC asynchronous servo system for velocity loop. It is essential to identify
shaft inertia and load torque because they are related to the PI parameters and current compensation 
command [1-2]. Methods currently focus on least squares, state observer, Kalman filter, model reference 
adaptive identification [3-4], special command-based approaches [5], etc. However, they almost estimated 
the two parameters separately. In fact, inertia and load torque values are limited, and their ranges can be 
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regarded as the feasible solution space where the optimal estimations will locate. Ant colony optimization 
is a new intelligent bionic search algorithm, and it simulates the moving process of ant which can emit 
useful pheromone containing valuable information that can lead other ants to choose the best route [6]. 
Here, in contrast with the above methods, this paper presents vector-moving ant colony optimization 
(VMACO) to simultaneously estimate their values with high accuracy by embedding inertia and load 
torque into the pheromone, and use simulations and experiments to verify this method. 
2.  Simplified estimation model for load parameters of AC motor control system  
AC asynchronous motor’s motion can be represented as follows[7]:  
eT J B Lω ω= + +&                                                                                                                             (1) 
where J is moment of inertia, L load torque, B vicious coefficient, ω rotor angular speed, Te 
electromagnetic torque, Te and ω can be computed from the q-axial current and encoder data 
respectively, which must be filtered for accuracy. Note that (1) is similarly a geometrical line 
for B is so small. Thus, the pheromone intensity of the ith single ant Si , can be defined 
according to the distance formula (from point to line) as follows: 
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where Ji and Li  are attached to Si,  β is strength factor, normally equal to 1, M  is the number of sampling. 
In two-dimensional reference frame, a rectangle area is selected by the ranges of [Jmin, Jmax] in X axis 
and [Lmin,Lmax] in Y axis. The area is divided into N bar regions in X, Y axis respectively, as shown in 
Fig.1, where U0, U1, …, UN and V0, V1, …, VN denote the bar boundaries. Initially the ant colony with the 
size of N2 is distributed averagely in the rectangle area, and the number of ants in every bar region in 
either X or Y direction, is N. Si can emit its pheromone around itself, the remoter, the less, as can be 
described:  
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where (x,y) refers to any point,  δ is a modification coefficient for the ant colony ,-0.1< δ<0.1, Xi and Yi 
represent Ji and Li respectively. 
 
Fig.1  Initial distribution of ant colony 
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Pheromone can be got at any point:  
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3.  Estimating load parameters by VMACO  
3.1. vector-moving ant colony optimization 
Every moving of any ant includes two steps: first, X-direction moving, and then Y-direction moving, 
i.e. so-called vector-moving. Now X-direction moving is conducted. 
The pheromone in the jth bar region in X-direction, denoted by Gj, j=1,…,N, is calculated by double-
integral as follows: 
m in 1j
j L U
−
∫ ∫                                                                                                    （5） 
With regard to pheromone evaporating process, a model similar to a first-order filter is proposed to 
express the total pheromone as follows: 
,pre(1 )j jGτ ρ ρ τ= + −                                                                                                                  （6） 
where τj is the actual pheromone in the jth bar region, τj,pre is its previous one, ρ is evaporating coefficient, 
0<ρ<0.1. The total pheromone in the rectangle area is: 
1
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Now suppose j refers to the bar region where Si stays. In order to be proportional to the pheromone 
distribution, the expected ant colony distribution is computed as follows: 
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where nj, njl , njr represent the numbers of the expected ants in the jth bar region, in its left hand and in its 
right hand respectively. Correspondingly, hj, hjl , hjr represent the actual ones. Si has only three choices in 
X-direction: move to left, remain fixed, or move to right, determined by the comparison of the actual 
number with the expected number. The detailed rules are listed in Table 1. After moving, the number of 
related bar regions would change in proportion to the predefined single moving distance of Si. Then Si 
moves in Y-direction in the same manner as X-direction. Then the other ants in this period carry out the 
vector moving as the above Si. Within the period k, the parameters are obtained as follows: 
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Table 1 Rules for single ant moving in X-direction 
No. Conditions Choice 
1 hj=nj hjl＜njl hjr＞njr left 
2 hj=nj hjl＞njl hjr＜njr right 
3 hj＞nj hjl≥njl hjr＜njr right 
4 hj＞nj hjl＜njl hjr≥njr left 
5 hj＞nj hjl＜njl hjr＜njr left, right in turn 
6 when the other conditions remain fixed 
Repeat the ant colony vector-moving until the ant colony gathers together. As a result, the gathering 
position contains the optimal estimations of  .  ˆ ˆ,J L
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3.2.  Adaptive control for velocity  
In AC asynchronous motor servo system, velocity loop control block diagram is shown in Fig.2. 
 
Fig.2.    AC asynchronous motor velocity loop control  
Here kv is proportional gain, τv integral time constant, KT the torque coefficient constant. Since the 
current loop can response quickly, it can be regarded as a first-order hysteresis system with its time 
constant Ti. After ignoring B and supposing the load usually varies slowly, the velocity loop can be 
corrected to Ⅱ- type system by PI controller. Its open-loop transfer function is as follows: 
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J changes usually while load varies. In order to maintain good performance, kv must be directly 
proportional to J  which can be replaced by the above estimated ,written as k . In the current loop, 
, the compensation current command[7], is related to the estimated  as follows: 
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4.  Simulations and experiments  
The simulation setup in Matlab/simulink mainly consists a load and an AC asynchronous motor with 
J=0.8×10-3kg·m2. Set Jmin=0.2×10-3kg·m2, Jmax=2×10-3kg·m2, Lmax=0, Lmax= 8N·m，N2=16， ρ=0.3, 
δ=0.05. While the motor runs with load torque of 2 N·m, within the speed range from 500rpm to -500rpm 
in 300ms, the VMACO is executed. Fig.3 shows the moving process, obtaining the estimated results: = 
0.813 ×10-3kg·m2,  = 1.947 N·m with the errors of 1.6% and -2.7% respectively.  
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Fig.3.  Ant colony vector-moving distribution. (a) After 10 steps; (b)After 20 steps; (c) After 30 steps;(d) After 40 steps. 
 
Then the load is added to the motor, with their connected shafts inertia of 1.6×10-3kg·m2 and load 
torque of 3.5 N·m, obtaining the estimated results:  = 1.711×10-3kg·m2, = 3.128N·m, with the errors 
of 6.9% and -10.6%. Fig.4 shows the two parameters’ trajectories. In experiments, the velocity command 
of -500rpm is given while running at 500rpm, and Fig.5 shows the actual velocity response. Obviously 
after adaptive control, (b) is more excellent than (a). 
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  (a)                                                                                    (b) 
Fig. 4.  Estimated results of inertia and load torque.(a) running with load torque of 2 Nm; (b) running with  load torque of 3.5Nm 
                 
t,100ms/div                                                                 t ,100ms/div 
(a)                                                                                (b)                                                  
Fig. 5. Velocity response from 500rpm to -500rpm. (a) Response before adaptive control ;(b) Response after adaptive control 
5. Conclusions  
A method named vector-moving ant colony optimization is presented to estimate load parameters of 
AC asynchronous motor servo system. Simulations and experiments have verified that they could be 
identified at the same time, with the error within ± 10% and ± 15% respectively. VMACO can be applied 
to velocity control of AC asynchronous motor for its high performance.
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